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Cytochrome P450 (CYPs) proteins form a superfamily of heme-containing enzymes involved in the oxidative metabolism of both endogenous and exogenous compounds; the former include steroids, fatty acids, retinoids, bile acids etc., and the latter, drugs and environmental pollutants (Gonzalez, 1991) . The CYP3A subfamily represents the most abundant cytochrome P450s in adult human liver, comprising approximately 30% of the total content. The human CYP3A subfamily comprises 4 isoenzymes, CYP3A4, CYP3A5, CYP3A7 and CYP3A43, which show variable expressions in the population. Among them, the CYP3A4 isoform is the most prevalent in adults. It is estimated that about 50% of currently marked drugs are metabolized by CYP3A4 (Bertz and Granneman, 1997) .
Recently, several members of the nuclear hormone receptor superfamily such as constitutive androstane receptor (CAR), pregnane X receptor (PXR) (Bertilsson et al., 1998; Blumberg et al., 1998; Kliewer et al., 1998; Lehmann et al., 1998) , vitamin D receptor (VDR) (Drocourt et al., 2002) as well as the glucocorticoid receptor (GR) (Pereira et al., 1998; Schuetz et al., 1996) have been revealed to be responsible for endobioticand xenobiotic-mediated expression of CYP3A genes. GR is activated upon binding of glucocorticoids and then regulates gene transcription either actively or repressively (Beato et al., 1995; Gupta and Lalchhandama, This article has not been copyedited and formatted. The final version may differ from this version. cell (Schuetz et al., 1996) . Furthermore, it has been reported that GR binds to GRE present in the rat CYP3A1 gene, suggesting that cooperation of the upstream GRE and downstream elements may be required for the maximal response of CYP3A to glucocorticoids (Pereira et al., 1998) . In addition to GR, the increased expression of CYP3A mRNA is also mediated via PXR.
On activation by a xenobiotic ligand, PXR dimerizes with retinoid X receptor-α (RXRα) and the formed heterodimer binds to their respective response elements to induce CYP3A expression (Bourguet et al., 2000; Mangelsdorf et al., 1995) . Functional cross talk between the GR-and PXR-signalling pathways has been reported in human CYP3A4 and rat CYP3A23 gene expression (Pascussi et al., 2000; Pascussi et al., 2001; Huss and Kasper, 2000) ; however, the identity of virtual controlling of the activity of PXR at low ligand concentration is still unclear. If a similar regulation pathway were found in other laboratory animal species, the model would be valuable for more comprehensive understanding of orthologous CYP in humans.
With regard to the CYP3A subfamily in mice, CYP3A44, femaleThis article has not been copyedited and formatted. The final version may differ from this version. DMD Fast Forward. Published on as DOI: 10.1124 at ASPET Journals on dmd.aspetjournals.org Downloaded from 7 DMD#16832 predominant CYP3A mRNA, was isolated, and it was found that the expression is dependent on the feminine plasma growth hormone profile (Sakuma et al., 2002) . Furthermore, we also found that glucocorticoids increased CYP3A44 expression in cultured hepatocytes (our unpublished results); however, the role of nuclear hormone receptors in the regulation of Cyp3a44 gene expression has not been extensively determined.
Observation suggests that pregnenolone-16 α -carbonitrile (PCN) and dexamethasone (DEX) induced CYP3A44 mRNA expression is PXR-dependent in male mice. On the other hand, PCN and DEX down-regulated CYP3A44 expression in female PXR null mice (Anakk et al., 2007) . Given these findings, it is suggested that gender, the xenobiotic activator and the nuclear receptor comprehensively act to control Cyp3a44 gene expression; therefore, the role of GR or PXR in the overall regulation of mouse Cyp3a44 gene expression was independently explored.
In the present study, we investigated the role of GR and PXR in the regulation of Cyp3a44 gene expression using a primary culture of mouse hepatocytes. The results suggest that DEX plays a dual role in CYP3A44 expression; first, direct activation of the Cyp3a44 gene by PXR-RXRα complex, and second, indirect activation of the Cyp3a44 gene through induction of PXR gene expression by the GR pathway.
This article has not been copyedited and formatted. The final version may differ from this version. C57BL/6 mice of both sexes were purchased from Sankyo Experimental Animals (Tokyo, Japan). Four-week-old C57BL/6 mice were adrenalectomized or sham-operated and killed 5 days later. Some adrenalectomized or sham-operated mice were subcutaneously administered DEX at 10 mg/kg/day for the last 3 days. The liver was excised immediately after death and used for the preparation of total RNA.
Preparation of primary hepatocyte cultures
Eight-week-old female ddY mice were purchased from Japan SLC, h-treated cells.
Real-time RT-PCR
Hepatic total RNA was prepared from hepatocytes as described previously (Nemoto and Sakurai, 1995) . Semiquantitative RT-PCR of CYP3A44 and GAPDH with 32 P radio-labeled primers was performed using a TaKaRa RNA PCR Kit (AMV) version 3.0 as described previously (Sakuma et al., 2002; Sakuma et al., 2000) . with DEX increasing PXR expression via a GR-mediated mechanism and this synergistic effect, the possibility that GR/PXR-dependent regulation for basal Cyp3a44 gene expression is suggestible; however, no significant increase in Cyp3a44 expression was seen at 10 -7 M DEX in the existence of GR expression plasmid (Fig.4) . This observation might be resulted from the lack of some PXR ligand(s) in primary cultured mouse hepatocytes, which is necessary for the full induction.
DEX-induced expression of the Cyp3a44 gene was not
antagonized by the addition of RU486, and the induction of Cyp3a44 also occurred by RU486 alone (Fig. 2A) . This suggests that DEX-induced mice, which failed to be observed in our study (Fig. 1) . The difference in the CYP3A44 expression profile might be due to the mouse strains examined in different laboratories.
In the present study, we demonstrated that the expression of (Fig. 4) ; (b) transfection of GR expression plasmid in primary hepatocytes in the presence of DEX significantly activated CYP3A44 mRNA expression. Nevertheless, no GR-transfection effect was observed at 10 -7 M DEX, the concentration at which GR-target genes such as the TAT gene is efficiently inducible (Fig. 3, 
Sakuma et al., 2004); (c) increased accumulation of endogenous PXR
mRNA was observed only in the presence of DEX, whereas other glucocorticoids, such as hydrocortisone and corticosterone, did not affect the one (data not shown). Therefore, it is suggested that DEX may act through the indirect GR-mediated activation of CYP3A44 in the present culture system.
The involvement of PXR might be confirmed for Cyp3a44 gene expression by DEX (Fig. 6) ; however, the possibility that DEX only acts at gene. However, a contradictory observation in an in vitro study showed no effect of natural glucocorticoids at submicromolar concentration (physiological condition) (Fig. 3) . The reason for this contradiction is not clear at present, but it is likely that it may result from the lack of some factor(s) in primary cultured mouse hepatocytes, which is necessary for the high level expression of the Cyp3a44 gene in vivo. Although the in vivo studies were undertaken in C57BL/6 mice and the cultured hepatocytes (in vitro) were undertaken in ddY mice, our unpublished results revealed no strain differences in Cyp3a44 gene expression between these two strains.
From the above findings, a GR/PXR-dependent regulation mechanism model of CYP3A44 expression is presented in Fig. 7 . First, DEX at high concentration activates PXR resulting in Cyp3a44 gene expression (direct PXR-dependent mechanism). Second, DEX increases PXR expression via a GR-mediated mechanism (indirect GR-dependent mechanism). At low DEX concentration, the same mechanism might be possible (Fig.4, 5) ; however, induction of the Cyp3a44 gene by the direct PXR-dependent mechanism is limited to a very low level, because of the relatively low potential of DEX activating PXR (EC 50 =10 µ M) (Lehmann et al., 1998) .
This article has not been copyedited and formatted. The final version may differ from this version. subcutaneously at 10 mg/kg/day for 3 days. Representative result of semiquantitative RT-PCR analysis is shown using a CYP3A44-selective primer set (Sakuma et al., 2002) . The 5'-labeled sense primer for CYP3A44
was used and gel-exposed X-ray film is shown. Amplification of GAPDH cDNA was carried out with the unlabeled primer set, and an image of ethidium bromide-stained polyacrylamide gel is shown. 
Each column represents the mean + SD (n=3). Significance was examined
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